The recent emergence of strain gradient engineering directly affects the nanomechanics, optoelectronics and thermal transport fields in 2D materials. More specifically, large suspended graphene under very high stress represents the quintessence for nanomechanical mass detection through unique molecular reactions. Different techniques have been used to induce strain in 2D materials, for instance by applying tip indentation, pressure or substrate bending on a graphene membrane. Nevertheless, an efficient way to control the strain of a structure is to engineer the system geometry as shown in everyday life in architecture and acoustics. Similarly, we studied the concentration of strain in artificial nanoconstrictions (~100 nm) in a suspended epitaxial bilayer graphene membrane with different geometries and lengths ranging from 10 to 40 µm. We carefully isolated the strain signature from µ-Raman measurements and extracted information on a scale below the laser spot size by analyzing the broadened shape of our Raman peaks, up to 100 cm -1 . We potentially measured a strong strain concentration in a nanoconstriction up to 5%, which is 20 times larger than the native epitaxial graphene strain. Moreover, with a bilayer graphene, our configuration naturally enhanced the native asymmetric strain between the upper and lower graphene layers. In contrast to previous results, we can achieve any kind of complex strain tensor in graphene thanks to our structural approach. This method completes the previous strain-induced techniques and opens up new perspectives for bilayer graphene and 2D heterostructures based devices.
Introduction
The rise of 2D materials and atomically suspended thin materials have brought new insights into mechanical systems. Graphene is among the strongest materials due to its very strong inplane C-C bond between atoms, which results in high strain ratios in the linear elastic range and Young's modulus higher than one terapascal. On the other hand, graphene is the thinnest material available with a high geometrical aspect ratio, which leads to both a low mass and low spring constant 1, 2 . Because of these abnormal peculiarities, almost all the intrinsic properties of suspended 2D membranes are highly modified by an applied strain.
Recently, various experiments in nanomechanics, optoelectronics or thermal transport have been dedicated to the efficient tunability of 2D material properties when submitted to an applied stress [3] [4] [5] . Subsequently, it is interesting to understand the processes in action during a unique chemical reaction by considering the mass detection of molecules from few Daltons to hundreds of kDaltons. The mass spectrometry within this range is challenging and nanomechanical resonators are the viable solution. While a carbon nanotube can reach the 1 Daltons atom detection (10 -24 grams) 6 , it is not suitable for broad applications due to its one-dimensionality, its bad integration at large scale and the low-temperature experiments. Contrarily, the 2D epitaxial graphene is compatible with scalable fabrication and offers the possibility to create ultralight resonators with the large surface at ambient temperature. However, to improve the mass detection of molecules and ad-atoms on these resonators, it is necessary to increase its internal strain, from typically less than 0.05% to up to a few percents. The static strain is similar to a pseudo-scalar potential that modifies the band structure of graphene or other 2D membranes. The stress is used to tune the 2D semiconducting material band gap and to open an energy gap in the semimetal bilayer graphene. [7] [8] [9] [10] [11] [12] [13] This electronic tunability has led to applications in photovoltaics 13 and optical quantum emissions. 14, 15 Strain tensor engineering represents also the basis for other concepts in atomically thin materials, such as artificial stacking of 2D materials. In these thin heterostructures, the mechanics entirely govern the layer interaction for vertical heterojunctions [16] [17] [18] or lateral junctions 19, 20 . In addition, the concentration or release of strain in nanomechanical graphene resonators by simple nanostructuring boosts the development of the novel mass/force detection 1, 6, 21 and also the non-linear mechanical devices. Therefore, nanostructuring-strain duos play an important role in the dissipation and dilution of mechanical resonators. 22 This emphasizes the importance of strain engineering at the nanoscale (<10 nm) to tailor the geometry of a suspended mechanical resonator.
The simplest and most versatile tool to measure strain in suspended 2D materials is Raman spectroscopy 23, 24 . Measurements with scanning tunneling spectroscopy 13, 25 or transmission electron microscopy 19 are spatially resolved but difficult to implement for suspended 2D materials on a chip and are limited experimentally and environmentally. Because of the finite laser spot size, strain measurement in nanostructures with Raman spectroscopy has important limitations, though recent efforts have attempted to resolve strain details at the nanoscale 26, 27 . Specific methods have been used to separate and discriminate the doping and strain components measured on a substrate 23 and on suspended structures 28 . Previous studies only considered the simple Lorentzian Raman peak shape; here we show how to extract strain information from more complex peak shapes at the nanoscale. Graphene Raman peaks have been investigated over suspended bilayer epitaxial graphene in order to measure strain at the nanoscale. We created specific nanostructures where the strain could be concentrated on a nanoconstriction, using a relatively fast and simple method. Strain measurements were compared with finite element mechanical analyses. We possibly measured a strain concentration of 5 % at a nanoconstriction with strong asymmetry shown between the top and the bottom graphene layers. We have demonstrated the potential of this method to obtain any kind of strain pattern. 
Results
For sample manufacture, we used epitaxial bilayer graphene grown by sublimation on a SiC substrate at 900°C as in Figure 1a . We previously demonstrated our experience in nanostructuring and suspending a complex design in our graphene over a large distance 24 . By e-beam lithography, we patterned the graphene into large structures composed of two opposed triangles connected by a small nano-bridge. We clamped the graphene on both sides with long bars of gold, which were, at the same time, the electrical contact for the photoetching, the graphene clamps, and the etching mask. In this way, we etched a few microns of SiC underneath the graphene using a photoelectrochemical method 29 . We obtained a very large membrane of suspended bilayer graphene, which is a 2D equivalent of the diamond anvil cell. In Figures 1b  and 1c , we present a nanoconstriction of width 160 nm (W), and length 600 nm (L), right in the middle of a bilayer graphene membrane with a total length of 20µm (L0). If we consider the native strain along this structure, it is important to note that this actually works as a real anvil cell. The initial stress in the graphene is the native biaxial compressive stress T0 induced by the epitaxial growth: -2.27 GPa (strain ε0 = -0.2%), mainly on the bottom layer 30 . In our material, the strain was asymmetric in the vertical direction: the upper layer was almost released mechanically. During device suspension, the native strain of the whole membrane was redistributed around the central nanoconstriction. This induced a high strain concentration in this region, which increased the vertical strain asymmetry.
Many structures were created in parallel (around 100) to achieve a sufficient number of samples with a success rate of 10% or below. Two steps were quite critical, the photoelectrical etching itself and the subsequent drying. We took care to avoid bubbles during the etching in KOH at 50°C and under UV light >0.5mW. Details are described elsewhere 24 . We etched around 8 µm of SiC with this technique at a speed of 2µm/hour. The sample was then rinsed in water a few times and dried with a critical point dryer. Only a few samples with L0=40µm were achieved with a lifetime of around one week. Samples of length L0=20µm or below were much more stable and easily made.
Strain signature in Raman.
We then focused on the µ-Raman measurements and the strain concentration measurements around these nano-constrictions. We used the Raman signature and the 2D peak shape to distinguish bi-and tri-layer graphene areas (contrasted lines in the e-beam image, see Figure  1b ), intrinsic to the sublimation method 31 . A typical Raman spectrum is shown in Figure 2a with peaks D, G, 2D, and 2D'. Raman is an efficient tool for strain measurement if a specific methodology is used to distinguish the Raman spectrum peak evolution under strain, doping, temperature or layer number. Stressed graphene has a very specific Raman signature; the peaks have a relative position ΔωG=ωG.(γ. εH ± 0.5.β.εA), where εH =ε11+ ε22 is the hydrostatic strain, which represents the sum of the elongation in the two main orthogonal directions 1 and 2 and εA =|ε11-ε22|. The Gruneïsen parameter, γ, is 1.8 for the G peak 32 and the shear deformation potential of graphene, β, is ~0.8-1. When the strain tensor is anisotropic in the graphene plan (εA≠0) the Raman peaks shift and split into two peaks G+ and G- [32] [33] [34] . In Figures 2 , we present the Raman mapping of the 2D peak position, around the nanoconstriction, for 3 different membranes of lengths L0, varying from 10 to 40µm and at room temperature. We observe a global peak shift around the nanoconstriction. This shift increases with L0. Similar features were observed in all our samples. In Figure 2b , we present specific measurements of the G peak shape at five places along the membrane for L0 = 20µm (these five spots are centrosymmetric to the small bridge and shown by colored circles in Figures 1b and  1c) . Far away from the nanobridge, in purple, the peak is similar to a Lorentzian curve at ~1580 cm -1 . It defines a no-strain references point for our intensity, width and position peak Raman simulations, and is quasi-similar to what we can obtain in a membrane without nanoconstrictions. Closer to the nanoconstriction (orange points), the peak seems to split into two, G + and G -peaks on each side of the 1580 cm -1 position. At the central point (brown point), the G peak shape is quite complex and broadens from around 1530 cm -1 to 1630 cm -1 . From the L0 dependence, the peak shape and other peculiarities of our signal, we have isolated Raman strain signature around our nanobridge without ambiguity; 1) In Figure 2d , the Raman peak shift increases with the sample geometry L0. Among the strain, doping or heating contributions, only the strain is correlated with the length of such a structure as shown by our strain simulation. Outside a mesoscopic regime, a strong doping variation is not correlated with geometry, especially L0, but related to the material itself. Only a negligible edge doping contributions can occurs 28 . For heat, in this double triangular shape, the thermal resistance far away from the center is negligible due to the large width and due to the thermal heat transfer to air 35 . It results in the main thermal resistance contribution to be limited to a region of few micrometers around the nanoconstriction and to be quasi-independent of L0.
2) The laser power calibration shows a laser heating effect at the central point only for power above 100µW. In consequence, we have proceeded the measurements below with the laser power of 50µW avoiding heating issues, as shown in Figure 3b. 3) An efficient way to distinguish the effect of strain, temperature and doping on the Raman spectrum is to determine the ratio between the 2D peak shift and the G peak shift. For example: Δω2D/ΔωG is 0.7, at its maximum, in the case of doping (this can even be negative for n-type doping) 36 , 1.7 for a thermal variation (~ ω2D/ωG) 37 and over 2 for strain (due to an additional contribution from Gruneïsen parameters) [32] [33] [34] . To measure this ratio, we plotted the Lee et al. diagram 23 in Figure 3a around the nanoconstriction for L0= 40µm. The slope of 2.2 indicates a strain variation. In order to take into account the non-Lorentzian nature of our spectrum, we used the weighted position of the peaks. Our simulation reproduces the slope and these atypical shapes for both the G and 2D peaks. The procedure is described later. 4) Splitting of the G peak is not exclusively related to the strain but only a planar anisotropic strain modifies the hexagonal shape symmetry of the graphene mesh, and the Raman response that ensues depends on the axis of polarization, in contrast to other scenarios (strongly asymmetric vertical doping, the presence of an even number of graphene layers [38] [39] [40] [41] , an additional molecular interaction 42 and a confusion with the D' peak at 1620 cm -1 ). In Figure  3c , for a membrane of 10 µm, we analyzed the G peak splitting, at a point away from the nanobridge, and represented the intensity area ratio between G + and G-as a function of the polarization angle. We see a modulation of the ratio between 1 and 2. This value is compatible with a two-layer epitaxial graphene where strain is dominant in only one layer 30 . Because our data are usually taken without any polarization, unless it is notified, it is not possible to define the crystallinity orientation (zig-zag, armchair) on the nanobridge itself.
5) In Figure 3d we show the Raman 2D' peak shift (standard position 3250 cm -1 ) along with an "L0 = 10 µm" membrane. This peak has been considered to be useful for strain determination 43 because it is less subject to doping or temperature dependence. We obtained the expected peak shift ratio (ω2D'/ω2D) and peak width ratio from graphene under strain 43 . 6) In Figures 2b and 4b, we measured large peaks, at the nanobridge position, with spectral contributions above and below the medium position, ~1580cm -1 . Temperature and doping variation alone hardly explain this, considering that it is difficult to have the coexistence of cold and hot regions or of a naturally strong doping of opposite sign within a distance of a few hundred nanometers. This point suggests that the mechanics within our graphene are potentially more complex, as shown by our simulation. The strain signature a) the relation of the 2D weighted peak position to the G peak for the 40µm membrane around the constriction. The red points are the simulated stresses for bilayer membranes and the green, blue and red slopes, in the inset, show, respectively, slopes of 0.7 (doping),1.7(heating) and 2.2(strain). b) 2D peak shape function of the laser power. A small heating effect is observed for higher powers than used in our measurements. c) Polarization dependence of the G peak shape when two peaks are clearly visible. We observed an area ratio dependence as expected by strain measurements. In the inset, we present the G peak at the different angles with the corresponding colors. d) Another strain signature with 2D' peak mapping for the 10µm membrane and its position shift around the nanoconstriction.
Strain signature in the peak shape with an asymmetric bilayer graphene model. We have demonstrated the dominant strain variation around the nanoconstriction, and our ability to extract strain properties from our Raman measurements. We will now focus on one important behavior, far away from the nanobridge, in a quasi no-stress region, where we measured typical Lorentzian curves but whose features, at the constriction position, were quite complex. This was related to the high strain gradient along the nanobridge over a distance below the diffraction limit of our optical measurement method. This means that important information about strain is to be found in the Raman peak shape itself. In order to recover part of this information from our data, we simulated the mechanical behavior of our membrane with different initial strains and geometries and with clamped edges. The local strain distribution and the resulting local spectral Raman response were spectrally convoluted with the Gaussian distribution of the collected photons. Without strong local variations, this convolution procedure rebuilt the original Lorentzian (far from the bridge). At a local high gradient of frequency shift or even at the graphene edge, the result was no longer necessarily a Lorentzian curve or a normalized area but it could be a very complex feature as measured. We extracted the expected peak shape at each point in order to obtain a good fit with our data and to quantify the strain in our system in the nanometer range. As a result, with a small deviation from data, we were able to fit the five spectra in Figure 2b within our asymmetrically strained bilayer graphene membrane and to extract the different strain contributions. Similar studies were done for the G and 2D peak shapes of a 40µm membrane in S3. Finite element analyses were done using Comsol and confirmed in parallel with Ansys software. The Gaussian spot size was measured to be 450 ±50 nm, calibrated in situ at the graphene edge for the L0 = 20 µm membrane measurement, (see S2), and we also determined it to be around 500 nm directly through the simulations, as a free parameter. Until now, we had intentionally avoided mentioning the two-layer contributions to our Raman peak shape. Figure 3a ) along the nanobridge constriction for the 40µm membrane b) Raman measurement at the center of the nanoconstriction for a 40µm membrane with a maximal strain concentration (line with stars) and simulation in black line, with the stressed layer contribution in blue and the compressed layer in red. c) Diagram explaining the Raman complex shape by an accumulation and convolution with the Raman spot of all the local Lorentzian peaks with different local strains. In blue and red, we present the stressed and compressed contributions, respectively, from each different layer. e) Comsol simulation of εH of each layer (with ε0 of -0.06% on the right and 0.08 % on the left) and εA for ε0 = 0.08 % corresponding to a) and around the constriction of the 40µm membrane, which defines the local strain and Raman response. f) In an asymmetric bilayer situation, where a single layer is compressed, only a scenario with some buckling and where the two layers are curved together can explain both our stressed and compressed measurements (scenario III)
To improve the strain concentration, in Figure 4b , we plotted the G peak shape at the center of a membrane with a large support of L0=40 µm. We observed an even more pronounced broadening of the G peak, up to 100cm -1 , as compared to shorter membranes and a separation into two Raman peaks. We naturally supposed the spectral contribution below 1580 cm -1 to be due to positive strain (blue) and above 1580 cm -1 to be related to a compression (red), as represented in Figure 4c . This asymmetrical strain is the induced image of the native strain asymmetry between the two layers of our epitaxial bilayer graphene. It is impossible to report our results with only the simulation of a single monolayer. In fact, in this singular system, the natural strain and stress distributions are applied homogeneously by the SiC substrate on the bottom layer and the upper layer which is relatively unstressed, or at maxima, negligibly compressed 30 . Initial stresses are released during etching and create a relative movement of the layers. In the first step of our analyses, we considered two independent layers of graphene in the elastic regime and without any buckling stress. A lateral displacement -sliding of the individual graphene layers, is expected due to the weak Van der Waals forces friction or adhesion between the two layers 44 , which is even weaker in an incommensurate rotation state 45 . It has been previously shown that a bilayer graphene under lateral strain can lose his inversion symmetry breaking and the relative stacking of the two layers, inducing a two independent layer system 46 . Eventually, it has also been shown in the case of multiple layers graphene 47, 48 . The Young 's modulus of graphene is around 1Tpa, with strain dependence defined in ref 49 and layer thickness is 0.33nm. For our data to fit qualitatively well for a membrane with L0= 40µm, we used an initial strain ε0 of -0.06% and +0.08 % for each layer and simply added their spectra matrix (Figure 4d and 4e) . In parallel, this result was also obtained by well-fitting the G and 2D weighted peak positions, as in Figure 3a (and the maximum peak position, as in the SI, to determine β). We plotted the resulting εH and εA, in Figure 4e , for the top and bottom layers. εH and εA are 2.3% and 1.4%, respectively, in the middle of the nanobridge for the stressed layer. This is around the mean strain applied on the bridge and corresponds to ε11=1.9% > ε22=0.4%. From these simulations, we achieved strain concentration at the nanoconstriction with a gain at least >20 in the center of our constriction and a clear transition from biaxial to uniaxial strain. It is noticeable that closer to the edges, we have maxima at εA=5.6%> εH=5.0%, which means ε11=5.3% > ε22= -0.3%; the orthogonal strain applied at this point is of the opposite sign. This state is difficult to obtain experimentally with other methods. We have a high strain gradient and a strong strain asymmetry, with a difference of 5 to 9% between the two layers. Similarly, we have also simulated the L0=20µm membrane with fitted value ε0 of +0.02% and -0.12 %. We noticed, in each sample, negative and positive contributions, which were close to but never exceeded the |-0.2%| strain in the bottom layer of native epitaxial graphene, even by adding their module. This means we have obtained a realistic initial strain value. This is an unprecedented achievement and demonstrates the powerful ability of nanostructuring to control strain in suspended graphene, even in an asymmetric configuration.
Discussion
Until now, we have analyzed our Raman spectrum data of a bilayer graphene as the addition of two monolayers, mechanically independent. Now, we complete our model with the possible bending of the membrane under high strain and explain why we have systematically one layer under a low extension at the initial stage (ε0>0). Since the bottom layer is clearly under compression, we attribute this positive strain to the upper layer. This can be surprising since it is not necessarily the case; the upper layer's initial strain must be unstressed or tend to be negative in the case of small interactions with the compressed lower layer. We have to consider the interactions between layers, especially the effect of buckling strain on both layers. With a graphene monolayer, if enough compressive strain is applied to the layer, it will generally induce buckling and a strong reduction in the Raman strain signature, as in 12 . A symmetricallystressed graphene bilayer improves the rigidity of the system, but will not necessarily avoid this bending. Lowering the system energy minima to equilibrium will eventually lead to 3 scenarios, presented in Figure 4f : i) No buckling; as previously mentioned, if each membrane stays mechanically independent, resulting from only an apparent compression and no extension term. ii) Buckling of one layer only; for this second scenario, the lower layer bends downward under compression. With small interlayer sticking, the physical layer separation increased 50 . This was not our case since it implied a complete release of the stress-energy into bending and a residual Raman strain shift. iii) Buckling of the 2 layers; finally, with enough sticking between layers and no physical separation, the lateral support offered by the second layer reduces the buckling strain. A bending of the lower layer inevitably induces a similar curvature on the upper layer but with opposite stress. This implies an equilibrium between compression, bending, and stress. The strain around the nanobridge will appear with both stress and compressive layer signatures, as measured and it explains our observations quite well. This graphene extension is not related to a random sliding of the gold clamp because this effect increases with length L0 and appears in all of our samples.
By approximating our system to two graphene monolayers, we assume doping induces each layer to be shifted in energy and strain induces each layer to shift in k space. We put aside the fact that Raman behaviors are more complex when discussing strain and doping effects on the band structure of bilayer graphene in a vertically asymmetric configuration. Nevertheless, in ref 8 , it can be seen that the influences of asymmetrical doping or strain on the band structure of a bilayer are quite similar, to a first approximation, to their influence on two independent graphene layers. In our model, we neglected the appearance of any plasmonic resonance, especially at the nanobridge, and consequently their coupling to the Raman signal. We demonstrate the absence of any heating as plasmons heating. We neglect the possible Purcell effect or any related electrostatic effect due to plasmons. We also avoid the possibility of optical coupling with a metallic nanoparticle randomly deposited at the nanobridge position because it is not in accordance with a strain proportional to L0 without any negative occurrence in our measurements.
Figure 5: Versatility of nanoengineering to create multiple strain configurations. a)
Simulation of a single layer graphene membrane with a hexagonal geometry. This results in a possibility to invert the sign of the strain or to apply rotation geometry in the nanobridge using the same initial clamped conditions (here a compression). By comparison with the diamond anvil cell with similar clamping length, the efficiency is reduced only 2-fold. The global length L0 is 25µm and the nanobridge is 170nm by 250nm (W and L for the L0=40µm membrane). b) The hydrostatic strain εH as a function of L0, L and W. The geometry present in b, is set by default in a. It is possible to improve the concentration up to 50 in the nanoconstriction by simple geometrical considerations.
Using our simple approach, it is possible to achieve any kind of complex strain tensor in the 2D material. To demonstrate this, we extended our simulations to more complex geometries in the case of a layer graphene. In Figure 5a , we present this almost hexagonal shape. This geometry possesses the peculiarity to transform a compression into highly efficient orthogonal stretching. If we compare this structure to our anvil cell geometry, taken as a reference with equivalent length W, L, L0, ε0 and anchoring length (see SI), we obtain an orthogonal rotation of the strain on the nanobridge with an opposite sign and with 50% efficiency. Starting from the geometry in Figure 5a (reference points in the green area), we also achieve a simulation for different W, L, and L0 and trace the hydrostatic strain for its value at the nanobridge center and at its maximum value along the nanobridge in Figure 5b . It is possible to achieve strains above 10% with a concentration above 50 in some cases and demonstrate the powerful ability of our approach of nanostructuring to engineer the strain in graphene nanobridges with a rotating frame, to modify the strain sign and improve the concentration up to the limit of the elastic regime of graphene.
Conclusion:
To sum up, we have made a very large epitaxial graphene bilayer membrane with a nanobridge constriction to concentrate the native strain of the whole structure into a small area. Hence, we successfully obtained nanoresonators with small masses, very high strain and mechanical frequency, which improve the performance of ad-mass detection at room temperature. In addition to the peculiar geometry of our devices, we were able to measure the strain of our system using complete µ-Raman spectroscopy. We found out that the main contribution to Raman wide peak broadening is due to the high strain on the nanobridge. We used a new analysis of the Raman peak shape to simulate the strain distribution along the structure. We also emphasized the possibility of concentrating the strain in suspended graphene to create and control the vertical strain asymmetry and to change the strain orientation by simple geometrical considerations. We do not consider to be limited by the native strain existing in epitaxial graphene. Moreover, it is possible to combine our technique with the previous methods of strain engineering, in order to amplify and tune this effect on the same device; for example, to tune artificially the curvature of a membrane by flexion or tip indentation 50 . It is worth to note that we integrated into our model a simplified interaction between layers considering two layers independent system. This is valid if we consider that the native strain asymmetry reduces strongly the layer interactions when we measure an asymmetric Raman peak shape under high strain. Further experiments can be done to investigate the low-frequency Raman modes (<50cm -1 ) to carry out to the vibrations and interactions between layers and to conduct systematic polarized measurements 51 . Finally, for nanomechanical applications, the application of a strain of 5% on a suspended 2D nanomembrane is potentially also a rare achievement. This could surpass actual mass sensing experiments with optomechanical measurements 6 . Our results open a new approach to strain engineering in other types of 2D materials such as very large homogenous flakes of graphene obtained by chemical vapor deposition or with a semiconducting material, such as MoS2 or WSe2 for electrons or light manipulation. 6 Strain engineering by nanostructuring is also at the heart of recent important results on dissipation dilution in mechanical resonators 22 .
Methods

Raman set-up
The Raman spectroscopy is done with a commercial Renishaw set-up, Measurements were made at ambient temperature and pressure. The laser spot size was calibrated in situ (see SI) at around 350nm. The platform resolution is 100nm the plane (i.e., x and y). The laser is at 532nm and the spectral resolution is around 1.3cm -1 with a grating of 1800 lines/mm. It allows us to resolve ultimately a peak position at less than 0.1cm -1 when the peak width is already ~ 6 to 10 cm -1 . (see ref 6 ).
Samples
Many structures were fabricated in parallel (around 100) to achieve a sufficient number of samples with a 10% of success or below. Two steps are quite critical, the photoelectrical etching itself and the afterward drying. During the etching, we took care to avoid bubbles during the etching in KOH at 50°C and under UV light >0.5mW. Details are described elsewhere 24 . We etched around 8 µm of SiC with this technic at speed of 2µm/hour. The sample was then rinsed in water a few times and dries with a critical point dryer. Only a few samples with L0=40µm were achieved with a lifetime around one week. Samples with length L0=20µm and below were much more stable and easily done. 
S1: Raman difference between doping, strain and temperature dependence
We have to determine a methodology in order to discriminate Raman peak shift due to the different aspects as strain, doping, temperature, number of layers… We will use the table S1 in order to summary every different aspect. Table S1 : Impact of strain, doping or temperature on the Raman G peak shift with also the ratio between the 2D and the G peak, and the G peak splitting behavior [1] [2] [3] [4] [5] [6] [7] [8] [9] . 
Δω2D/ΔωG
S2: Strain concentration 10, 20 and 40µm membranes: additional datas
To extract the peak position and shift, we have fitted the Raman D and the 2D peak with Voigt function and the G and 2D' peak with a Lorentzian function. Lorentzian lineshape is a usual description of Raman peak. However, the Voigt (or pseudo-Voigt) shape has already been shown to reflect the spectra of graphene better than the Lorentzian, when submitted to a heterogenous broadening by strain or doping or to a Gaussian distribution corresponding to the spectral resolution itself, especially when the sample is suspended 10, 11 . For larger membranes, in case of peak splitting, we have fit the G peak with a double Lorentzian call G+ and G-. A peak area is the integration of the signal over the peak shape and the weighted position is the mean frequency position weighted by the Raman intensity of the signal. In the case of G peak shift or position, it means the means value of the G + peak position and the G-peak position. We can observe the sample to be very clean with the ratio of the G peak over the D peak to be over 40 ( Figure S2Ag, S2Bo) . Epitaxial graphene on SiC is well known to have a varying number of layers; it was defined in our case to be between mostly 2 and 3 from the 2D peak shape. A three layers appearance coincides with the SiC step of the substrate before etching. It explains the observation of parallel lines in the Raman data: of the 2D peak intensity, for example, Figure S2Be , S2Cd and of the e-beam images. This aspect has been simulated with COMSOL with a variable thickness membrane but no strong difference was observed in the simulation results for the strain mapping ( Figure S2B c and i) . For each measurement, a careful measurement of the spot size was done near the central area ( Figure S2B f) over the graphene edge. We have plotted the 2D peak intensity in function of the position along the anvil geometry after the 2D convolution with the laser spot for different diameter. It results in a spot size between 400 and 550nm for all the measurements present here.
Concerning the heating, in Figure 2b (Now 2a), the difference of position for the 2D peak between the 50µW and 100µW is only 0.6cm -1 . If the 2D peak shift at ~0.025cm -1 /K, it means we increase the temperature by 24K. If we consider the convolution between the laser spot size and the surface (the heated area is created by the laser itself and of the same order of size) it will increase this value but even if we reach 100K of increase it is not important in graphene. And we only work at 50µW at maximum. 
S3: Strain simulations
It is not the asymmetry in the Figure 4b that could evidence the concentrated strains at the boundaries because if the strain layer is exactly the opposite signal of the compressed layer, you expect a perfectly symmetric Raman peak but the vertical strain asymmetry between layer is still here and can be very strong. We think we clearly see two parts in the peaks with two peaks maximum (pointed by the two black arrows) in Figure 4b . By asymmetry of the strain, we do not mean and expect an asymmetric Raman response but an asymmetry in the strain itself: one part well above and one part well below the reference peak position at 1580cm -1 (The first one is characteristic of a part under compression and the other under tension).
We don't have a direct evidence of a highly stressed part in our sample but we want to highlight a few thinks about our model; 1) As said before, we measure a Raman response in a broadband window which is around 100cm -1 . This is uncommon and translates a broadening of the Raman spectrum due to strain both in the straining part and in the compressed graphene part. If we compare with scenarios taking into account a layer alone (or two symmetric layers with the exact same response), it is impossible to reproduce the broadening and the strain and compressed parts of the spectrum. We tried it a lot to be sure; for example, the Figure S3C in the SI and it is only a small part of our investigation in this direction and even with extreme parameters values, the result does not fit our data very well. In fact, a simulation of a strained membrane gives a response mainly below1580cm -1 and a simulation of a compressed membrane gives a response mainly above1580cm -1 , It is an empirical evidence. 2) We have to take into account an asymmetry in the two layers to explain the broadening and the strain versus compression in our data. 3) If we do this, one layer is under compression and the other is under stress. 4) Because the contribution of the stressed part is still nonnegligible below 1470-1480cm -1 and if we consider our laser convolution, it necessarily implies a part with high strain. And it is the exact opposite for the compressed part. 5) In the end, our scenario of asymmetrical high strain seems to fit well our data.
The concentrated strain at the edges does not affect the spectrum a lot after convolution with the Raman spot size, it seems to be quasi-negligible quantities after convolution with the laser spot size (because it is a local effect and its value is just twice the value in the center part). In fact, it is a good point in our model because this part is obviously the less realistic since our COMSOL simulations do not take into account the z component and possible bending at the edges and at these positions the strain diverge a bit. It is why in our discussion; we talk about the strain in the middle part as the averaged strain.
In order to simulate our data, we have to introduce different parameters as the initial strain for each layer and a frequency shift between the bottom layer and the top layer (certainly due to a doping asymmetry between layers). We have fixed the geometry of the membrane, the Gruneïsen parameters γ, the Young modulus E, the Poisson ratio ν=0.17, the layer thickness. We have been able to determine the shear deformation potential β, the laser spot size, the peak shape for G and 2D from alternative calibration (as explained below) and we have carefully confirmed these values correspond quite well to the best fitting of our data.
From finite element analyses, we have simulated εH and εA in our membrane we have determined the local Raman peak spectrum before any convolution with the laser distribution. The G peak can split into two peaks under strain G+ and G-with frequency shift define by ΔωG=ωG.(γ. εH ± 0.5.β.εA). We have simulated the two peaks by Lorentzian curves with a width of 12cm -1 and equal amplitudes. This width corresponds quite well to the width of the purple point in Figure 1a , far away from a stress region.
For the 2D peak fit we have used a four peak simulation (A,B,C,D) 12 ). This shape of the 2D curve is typical for the 2D peak in the literature and it is set to fit well the 2D peak far away from the nanobridge in our set-up (without negligible strain).
Figure S3A: 2D and G peak measurements and simulations on the 40µm membrane for different positions along y. The data are different than in Figure 3 ; with a larger map (40x40µm) and a lower resolution (laser spot ~750nm). We can reproduce the data quite well with similar parameters than in Figure 3 along with all the membrane.
For the 20µm membrane, the Gaussian spot size was fixed, through simulation, to 500nm and for the 40µm membrane, the Gaussian spot size was fixed to 650nm. It corresponds quite well to the resolution, we measured along the edges of the graphene, Figure S2bf , where intensity must drop from 1 to 0 but is spatially limited by the optical resolution and to a typical resolution of our Raman spectrometer. The difference between 400nm and 650nm is due to the drift of the x,y,z position during the measurements (almost a night per measurement) and was expected from our measurements. The 20µm membrane was measured with a stable position and the 40µm membrane was measured with a small drift during the night. β is clearly measured to be 0.8. Empirically, it is the dominant parameter which modifies the relation of the maximum intensity position for the Raman G and 2D peaks. It has been used for simulation fitting in addition to the weighted position of the G and 2D peak and the G and 2D peak shape on some specific points.
Figure S3B:
Additional data for the frequency position of the maximum intensity points (FPMIP) around the peak G and 2D. We plot the FPMIP for the 2D peak in function of the FPMIP of the G peak. We have seen empirically the strong dependence of β on the accuracy between the data (black and the simulations (red)) which fix β to 0.8 in our case.
In addition, a ratio of intensities of 71%-29% was empirically introduced in the model between the bottom layer contribution and the upper layer. This ratio is somehow expected for epitaxial graphene 14 and has been introduced in a previous work 14 . It can be due to the doping asymmetry but certainly from diffusive interaction in the bottom layer with the residues of the dangling bonds in epitaxial graphene.
We had also to introduce a frequency shift between the two-layer contributions. We attribute this shifty to a doping asymmetry between layers. For simplification, we have considered this shift to be homogeneous at the scale of the nanobridge, where the strain is applied to the system and where the physic we are concerned here is contained. For the 20µm membrane, we have fixed the non-strained frequency of the G peak to 1582.9 cm -1 and 1580.4cm -1 for the bottom layer and the top layer respectively. For the 40µm membrane, we have fixed the non-strained frequency of the G peak to 1586.4 cm -1 and 1575.6cm -1 for the bottom layer and the top layer respectively. For the 2D peak, we have applied the same peak shift. We can observe it corresponds to a bottom layer which is more doped than the top layer as expected from the initial conditions of our epitaxial graphene where the doping of the bottom layer is closed to 2.10 13 cm -2 before any nanofabrication or etching and the top layer is naturally less doped. S4: Beyond our samples Figure S4 : Some examples of simulations for a graphene monolayer with 3 different specific geometries. In a) we have a geometry which inverts the strain sign and turn by 90° the strain orientation. In b), we propose a reference geometry with the same length of anchoring edges than in a) and c) without rotation or sign change. In c) we present a geometry with a strain rotation without sign change. Top and bottom parts are zooms on the nanobridge for the initial situation in compression and stressed respectively.
In order to go beyond the anvil cell geometry proposed in the previous samples, we have done additional simulations with monolayer membrane, without buckling strain, with comparable anchoring length and initial strain (+-0.2%). We compare the resulting hydrostatic strain at the center of the nanoconstriction. The value of εH in a) (and c)) are only 50% (75%) of the value the strain at the same position in b). We have these good efficiencies by optimizing the geometry itself. Some holes appeared here in the membrane, in the SI in comparison with the main paper, but it does not strongly affect the result.
